and endobronchial intubation usually cause transient hypertension and tachycardia. We investigated whether thoracic epidurally injected 3 µg/kg clonidine attenuates cardiovascular responses to intubation compared with 2 µg/kg fentanyl and 1 mg/kg lidocaine. Epidural catheterization was performed at the T6 -T7 or T7 -T8 intervertebral space, and saline or clonidine in saline was injected 20 min before anaesthetic induction. Anaesthesia was induced using 5 mg/kg thiopental sodium and 0.1 mg/kg vecuronium. Laryngoscopy and endobronchial intubation were performed 2 min later. Mean blood pressure and heart rate were measured throughout anaesthetic induction. In the control group and the fentanyl group, mean blood pressure and heart rate 3 min after endobronchial intubation were elevated significantly compared with baseline. In the clonidine group, however, mean blood pressure and heart rate did not increase compared with baseline. The control group had higher mean blood pressure and heart rate than the clonidine group 3 min after endobronchial intubation. Thoracic epidural clonidine may attenuate the haemodynamic response to endobronchial intubation.
Introduction
Laryngoscopy and endobronchial intubation can induce increased sympathetic activity, tachycardia and hypertension, which may result in myocardial ischaemia and dysfunction in susceptible patients. 1 Many agents, however, can effectively blunt the haemodynamic cardiovascular response during these processes. These agents can be classified as those specifically designed to prevent target-organ responses, such as β-blockers or vasodilators, or non-specific agents that increase anaesthetic depth, such as diazepam, narcotics and lidocaine.
Clonidine, an α 2 -adrenoceptor agonist, is used as an antihypertensive and as an analgesic drug, 2 -4 and can be administered via various routes to different effect. Used orally as a pre-medication, clonidine produces rapid pre-operative control of SU Choi, CH Lim, HW Lee et al. Epidural clonidine attenuates haemodynamic response to intubation systolic and diastolic blood pressure (BP) and effective blunting of the reflex tachycardia associated with laryngoscopy and endobronchial intubation. 5, 6 Intravenous clonidine reduces catecholamine release and attenuates haemodynamic changes during laparoscopy, 7 while epidural clonidine, in addition to these effects, reduces BP when injected in the thoracic rather than in the cervical or lumbar vertebral spaces as a result of its spinal sympatholytic sites of action. 8 We hypothesized that clonidine, injected epidurally into the high thoracic region, would suppress the cardiovascular responses induced by endobronchial intubation in patients scheduled for thoracoscopic surgery and epidural block for pain control. We therefore investigated the attenuating effects of epidurally administered clonidine on the cardiovascular responses to laryngoscopy and endobronchial intubation, and compared these with the effects produced by fentanyl-lidocaine pre-treatment.
Patients and methods

PATIENTS
With the approval of our ethics committee, and after obtaining informed consent from all participants, this prospective study was performed in patients who required thoracotomy for bleb resection and epidural analgesia for post-operative pain control. All patients were American Society of Anesthesiologist (ASA) Physical Status I or II. Patients were excluded if they were older than 65 years or had a history of hypertension.
METHODS
All patients received 0.2 mg/kg nalbuphine and 0.1 mg/kg atropine pre-medication intramuscularly 60 min prior to surgery. A standard patient monitor (1B-5006, Fukuda Denshi Co., Tokyo, Japan) was applied, non-invasive arterial BP and pulse oximetry were measured, and an electrocardiogram was taken. Bispectral Index ® scores (A-2000 BIS ® monitor; Aspect Medical Systems, Newton, Massachusetts, USA) were monitored throughout the peri-operative period. Nasopharyngeal temperature was maintained between 35.5°C and 37.5°C. All patients received 500 ml of crystalloids over 10 min prior to epidural catheterization.
In all patients, an epidural puncture was made via the median approach at the T6 -T7 or T7 -T8 intervertebral space using an 18-gauge Tuohy needle and the loss of resistance technique, and a 20-gauge epidural catheter was advanced 3 cm cephalad. Using a random-number table, patients were assigned to the control, fentanyl or clonidine group. In the control and fentanyl groups, 10 ml of saline was injected, and in the clonidine group, 3 µg/kg clonidine (Catapress ® , Boehringer Ingelheim, Korea) in 10 ml of normal saline was administered. General anaesthesia was induced 20 min later; a priming dose of 0.01 mg/kg vecuronium was followed 2 min later by 5 mg/kg thiopental sodium injected over 30 s. In the fentanyl group, 2 µg/kg fentanyl and 1 mg/kg lidocaine were given intravenously for induction immediately after the thiopental sodium injection. After the eyelash reflex had disappeared, 0.1 mg/kg vecuronium was administered, and after a further 2 min laryngoscopy and endobronchial intubation were performed using a left endobronchial tube (Broncho-Cath™, Mallinckrodt, Cornamaddy, Ireland).
Within 3 min of intubation, correct endobronchial tube placement was confirmed by auscultation, inspection and fibre-optic bronchoscopy. Anaesthesia was maintained using 2.5 vol% sevoflurane delivered in a 50% N 2 O/O 2 mixture during SU Choi, CH Lim, HW Lee et al.
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two-lung ventilation, and the sevoflurane concentration in 100% O 2 was changed to maintain the BIS ® monitor at 40 -50 during one-lung ventilation.
Mean BP (MBP) and heart rate (HR) were measured and recorded at the following times: T 1 , baseline value; T 2 , 15 min after epidural bolus injection; T 3 , immediately after injection of anaesthetic induction agent; T 4 , T 5 , T 6 and T 7 , 3 min, 5 min, 10 min and 15 min after endobronchial intubation, respectively.
The haemodynamic end-points of anaesthetic management were the maintenance of BP and HR to within 20% of pre-induction values. Tachycardia was defined as an increase in HR of > 20% of the pre-induction value. Hypertension and hypotension were defined as changes in systolic BP of > 30% compared with the preinduction baseline level. Hypotension was treated with intravenous ephedrine.
STATISTICAL ANALYSIS
Statistical analysis was performed using the software package SAS version 8.1. Data are expressed as mean ± SEM. The patients' characteristics were analysed using the χ 2 test for discrete variables and analysis of variance (ANOVA) for continuous variables.
All group data were compared with baseline values and with other treatment groups at corresponding time-points. Group and inter-group comparisons were performed using ANOVA with repeated measures, followed by Dunnett's post hoc test to identify significant differences. P-values < 0.05 were considered to be statistically significant.
Results
Sixty patients participated in the study, with 20 patients in each of the control, fentanyl and clonidine groups. No significant differences were observed between the three groups with respect to gender distribution, weight, age, baseline MBP, baseline HR, or operation time (Tables 1 and 2 ).
In the control group, MBP was elevated significantly 3 min (T 4 ) after endobronchial intubation versus baseline (127.4 ± 3.8 versus 96.8 ± 1.9 mmHg, P < 0.05) ( Table 2 ).
In the clonidine group, MBP was not elevated 3 min (T 4 ) after endobronchial intubation compared with baseline, but was significantly lower than baseline Control group, 10 ml saline administered pre-anaesthesia; clonidine group, 3 µg/kg clonidine in 10 ml saline administered pre-anaesthesia; fentanyl group, 2 µg/kg fentanyl and 1 mg/kg lidocaine administered postanaesthesia for induction. Data are expressed as mean ± SEM. Control group, 10 ml saline administered pre-anaesthesia; clonidine group, 3 µg/kg clonidine in 10 ml saline administered pre-anaesthesia; fentanyl group, 2 µg/kg fentanyl and 1 mg/kg lidocaine administered post-anaesthesia for induction. 
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immediately after injection of the induction agent (T 3 ), and at 10 min (T 6 ) and 15 min (T 7 ) after endobronchial intubation (P < 0.05) ( Table 2 ).
In the fentanyl group, MBP was elevated significantly 3 min (T 4 ) after endobronchial intubation versus baseline (119.9 ± 3.4 versus 99.4 ± 2.2 mmHg, P < 0.05), but was significantly lower than baseline immediately after injection of the induction agent (T 3 ), and at 10 min (T 6 ) and 15 min (T 7 ) after endobronchial intubation (P < 0.05) ( Table 2) . At 3 min (T 4 ) after endobronchial intubation, MBP in the control group was significantly higher than in the clonidine group (127.4 ± 3.8 versus 107.3 ± 4.2 mmHg, P < 0.05) ( Table 2) .
Compared with baseline, HR was elevated significantly 3 min (T 4 ) and 5 min (T 5 ) after endobronchial intubation in the control group and 3 min (T 4 ) after intubation in the fentanyl group (P < 0.05), but was not increased 3 min (T 4 ) after endobronchial intubation in the clonidine group. In the clonidine group, however, HR was reduced significantly only 15 min (T 2 ) after epidural clonidine injection (P < 0.05) ( Table 2) . At 3 min (T 4 ) after endobronchial intubation, HR in the control group was significantly higher than in the clonidine group (P < 0.05) ( Table 2) .
Thirteen patients in the clonidine group required intravenous ephedrine to treat hypotension during the operative period.
Discussion
Laryngoscopy and tracheal intubation are often associated with tachycardia, hypertension and arrhythmias, which may cause myocardial ischaemia, pulmonary hypertension, left ventricular failure and intracranial haemorrhage. The mechanisms underlying these haemodynamic responses have been attributed to a reflex sympathetic discharge caused by stimulation of the upper respiratory tract. Clonidine directly inhibits pre-ganglionic sympathetic neuronal activity in the spinal cord. 8, 9 We hypothesized that cardiovascular responses to laryngoscopy and tracheal intubation might be altered by high thoracic epidural clonidine treatment because efferent sympathetic outflow to the heart originates from the spinal cord between T1 and T4. Our results demonstrate that cardiovascular responses to endobronchial intubation are attenuated by high thoracic epidural administration of clonidine. In addition, it was found that 2 µg/kg fentanyl and 1 mg/kg lidocaine pre-treatment was less effective in reducing the haemodynamic effects of endobronchial intubation than epidural clonidine.
Clonidine is known to have analgesic, 2,3 sedative, 10 anaesthetic-sparing, 11 -13 and antishivering and antihypertensive effects. 4 In addition, it is also known to reduce the incidence of myocardial ischaemia in patients who have undergone vascular and cardiac surgery. 14, 15 Clonidine can be administered orally, intravenously, intramuscularly, intrathecally and epidurally. Epidurally administered clonidine is rapidly absorbed into the cerebrospinal fluid (CSF) and reaches a peak concentration within 32 min. 16 In sheep, 300 µg of epidural clonidine produced antinociception within 15 min, with peak analgesia 45 -60 min after injection. 17, 18 In a human study sedation occurred approximately 10 -20 min after epidural injection of 90 µg or 180 µg clonidine and mean arterial pressure and HR decreased from baseline after an epidural injection of 180 µg clonidine. 19 Thus, in the present study, we administered clonidine by epidural injection 20 min before anaesthetic SU Choi, CH Lim, HW Lee et al.
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induction and endobronchial intubation to produce an antihypertensive effect. Compared with baseline values, MBP and HR were lower 15 min after epidural injection of clonidine. The haemodynamic responses to laryngoscopy and intubation were effectively attenuated by thoracic epidural administration of clonidine, but severe hypotension was induced during the intra-operative period. Of the 20 patients in the clonidine group, 13 received intravenous ephedrine, one of them received it during the post-operative period. However, no adverse outcome was recorded.
The effect of clonidine on BP has been found previously to depend on the route of administration, the dose and the site of spinal injection. 16 The BP-lowering effect of clonidine was significant only after epidural and intrathecal injection. Moreover, BP decreased earlier after intrathecal than epidural injection, which corresponds with higher concentrations of clonidine in the CSF. 16 Eisenach et al. 18 reported that epidural clonidine 100 -900 µg decreased mean arterial BP, the greatest change occurring within 1 h of injection in most cases. However, the greatest degree of hypotension was found after intermediate doses (400 -600 µg) were administered and lowest following higher doses (700 -900 µg); patients who had received 300 -700 µg of clonidine required intravenous ephedrine for a more than 30% reduction in BP.
Our study shows that only 3 µg/kg of epidural clonidine (about 150 -200 µg) may cause severe hypotension requiring intravenous ephedrine during the operative period. We consider that differences in the dose inducing severe hypotension between Eisenach et al.'s report 18 and our results may be due to different epidural injection sites. Eisenach et al. injected clonidine into the lumbar epidural space, whereas clonidine was injected into the upper thoracic epidural space in the present study. These findings suggest that clonidine inhibits preganglionic sympathetic neuronal activity in the spinal cord directly. 9, 20 Thus, the degree of clonidine-induced hypotension is related to the spinal level of injection. 8, 21 More profound hypotension occurs with upper thoracic epidural injection than with low thoracic or lumbar levels of injection, perhaps reflecting the rostrocaudal gradient of noradrenergic innervation of sympathetic pre-ganglionic neurons. 22 Alternatively, direct inhibition of sympathetic preganglionic neurons in the upper thoracic dermatomes, which supply the heart, may also have a more profound impact on resting blood pressure than does the inhibition of sympathetic pre-ganglionic neurons elsewhere.
In addition, it is known that clonidine affects BP regulation in the periphery and brainstem as well as in the spinal cord. 8, 21 In the periphery, clonidine may increase BP by α 2 -adrenoceptor-mediated vasoconstriction. 18 Intrathecal clonidine 1500 µg was found to increase BP 9 when plasma clonidine concentrations were high (> 2 ng/ml). 9, 23 These BP increases may be due to partial agonist activity at post-synaptic peripheral α 1 -or α 2 -receptors. However, the central α 2 -receptor effect, which is responsible for the long-term antihypertensive effects of clonidine, occurs at lower blood levels. In the brainstem, clonidine reduces BP by inhibiting the activity of the sympathetic nervous system and enhancing that of the parasympathetic nervous system. 24 Epidural clonidine is absorbed by the systemic circulation, and thus it may affect the brainstem. It is conceivable that the rostral spread of clonidine in CSF following epidural injection could produce delayed hypotension, analogous to delayed respiratory depression following epidural SU Choi, CH Lim, HW Lee et al. Epidural clonidine attenuates haemodynamic response to intubation morphine injection. However, we did not observe a delayed reduction in BP or HR following epidural injection of clonidine. Moreover, the high lipid solubility 25 and rapid absorption and elimination of clonidine from CSF 16 argue against a residence time long enough for extensive rostral distribution.
Clonidine reduces HR by both direct cardiac and central mechanisms, and it is known that this effect is minor following epidural injection and does not require treatment. 18 In the present study, we observed that HR had decreased from baseline at 15 min after epidural clonidine injection, but no severe bradycardia requiring atropine occurred. Patients with resting bradycardia, sinoatrial or atrioventricular nodal dysfunction or who are taking agents capable of slowing the HR or affecting cardiac conduction, however, may have severe bradycardia following clonidine administration. 26 In the fentanyl group, 2 µg/kg fentanyl and 1 mg/kg lidocaine with induction agents was less effective than epidural clonidine in reducing the haemodynamic effects of endobronchial intubation. However, a larger fentanyl dose may blunt the haemodynamic response to laryngoscopy and intubation.
In conclusion, the present study shows that clonidine injected via a thoracic epidural route may be an effective and specific means of reducing the cardiovascular response to laryngoscopy and intubation, but that this treatment can induce severe intra-operative hypotension and should be used with care.
